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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a device 
structure which enhances a gate-lnsulating-film 
characteristic and a transistor characteristic in a 
semiconductor device having the gate of a MOS 
structure and to obtain its manufacturing method. 
SOLUTION: This semiconductor device comprises the 
gate of a MOS structure provided with a laminated gate 
insulating film which contains at least two kinds of 
insulating films, i.e., a thermal oxide film 9 formed on a 
semiconductor substrate and a CVD oxide film 10 
formed on the side a gate electrode 1 1 from the thermal 
oxide film 9. The ratio of the CVD oxide film 10 is set at 
20% or higher of the film thickness of the laminated gate 
insulating film as a whole. In addition, after the thermal 

oxide film 9 or the CVD oxide film 10 is formed, a nitriding operation by N20, NHS or NO gas 
is performed, and nitrogen may be segregated in one or both of the interface between the 
thermal oxide film and the substrate and the interface between the gate electrode and the 
CVD oxide film. Alternatively, after the thermal oxide film 9 or the CVD oxide film 10 is formed, 
an Si3N4 film is fomied by an LPCVD operation, the surface of the Si3N4 film is oxidized, and 
an oxide film may be formed. 
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[0 0 0 5] 

1 1 2««a±©*feiti^^^tfgriy- vmmm 
ro2o%jii±t-r5troT'&5o *fc, mm^-mw 

D^{t;|jI#ffi0v^T^^^^-;f?4fc^^Pf*^'. 
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tox (10)^ 0 . 2 tox (total) 

[0 0 1 1 1 cvDm<mi o^ffMM. cvDmim 
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%\^±^^m^i!)mbtitio mi 2 J; 9, * 

l80J{^J;5i^:/://^B^lU?i^>'y^^C«, ^^*0iJ«1^>' 
y/^A J; 9 Qbd tfrc)^^/^->^Ba^l!c#^4;i5,J^$v^:l t 

[0 0 2 0] mi 31*, Ell (d) (il^-f-I GBTIC*3 

»t5'^-b#e*t)C)*s&ir/i'ffiSf( 

y^uAj;!9, *l8M(rJ;5f-y7'/WBroS{«'/-f*6ai 

)g[ro^;a5, t^±;vmmmm\.x-h^~ h^e* 9 © 
<ST^ffl3$iji-?> r t t^^mxh^. m 1 1 Rxfm 1 2 -e 
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[0 0 2 1 ] gll 4SLt>'lll 5 (a) (4, Se?ifETDD 
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•f-'fei^*), Bli4S0«Sll 5 (a) ^::*3V^T, 1t*4w^ 
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TV^5<, Hi 7l^fc-v^T*S£ttroiD f4KU"f>'« 
affi, «ttroVD {4KW>'«J±^^LTV^5o HI 6 i 
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tfc, 0 2 UC;^t-¥ffiMOS'^-h«ii 
Wt^M;^^. 112 2{'^1-J;5S' M^:/5'©-SB;i5M 

0 2 2il*3V^-r. FSt^GliMOS^^^-hirL-CKf^-f 
Shuy^. ESt;5H«MOSy-ht LTSlff L!iV^ 

t;«2i:l^^©Sb*;is^f>*x5o 
[0 0 2 4] mmnWMA. ±EIIJf6©Ji^SI 1 ~ 3 

±S (-sit t tifc C V D ^^t:)il£D/>Vi < i: t 2 «««_h 



12 

*-^A.-ctJ;v\ mmmmit. s ia n4 k 

S i3 N4 lKro«ffi^ie^bL^K^liK?:#tp»-g-t 

[0 0 2 5] mm(omm5. ^mmnwrnxit. :^mm 

1-5 S i«ffi(c^|5|&. yyy<-7ypt~i?mm^L. f 
- hitei^lgfM^('^ro^Pfe^5^{klI*(^Si'9ii*tv5 
h7 2/7°±iiO. Si/Si02# 

Mos yy^y'yy^^mW-^WL 

mf~Vmm\t^ M^y^ro-gi3tfi(4^TSrMOS 
[0 0 2 6] 

[181^©^*] Ji^±©J;5(-. :^s:^0Ji^J;n(f. MOS 

5 r t }r J; 9 , y- hi|i6igi)g©^^6fi/j:iE)l^l2^^ti(:: 

#gb-fe/uffi« lS#tttr6l-hL. MO 

[0ffi«j|!f*/j:|ftK] 

m 1 ] *5SMro3IJferoJi^«l i (^dattS h u^^^mo 
40 s Hi it^fflv^fe I GB T(DS!iii;^jfeS'^i-ifffi0 

[0 2] *3Se^©^J(S©JI^ffil(-t5lt5 I GBTttJf 

0T-fc5o 

[0 3] (c*5(tS I GBTtse 

I G B T ro h ^-:/9"fi§15JF^^^trit^-r 5$B^WfS0 

[0 4] ^mM(Dmmmmncion?}iGBTtv^ 

I GBTWLocos Edge Wf^^^^ritK-T S^^^SfE 
50 0T-fc5o 
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sy- ^«5g^fflV^fc I GBT^^-t-gfffilllT&S, 

im7] ^?tm(Dmm(Drm2izt3\,^x. ^-mm 

h mmm^i>¥ ^ ^-r m t- ^ s „ 

ims] :i^mm<DmM<Dmm2[Lioi^x. s iMs{z. 

[1119] *^^(Dmm(omm2\zj^\^x. m^v^m 

o s F E T w h te#)g| y - #ttcD y- h y<^' T ;^ 

MO S F ETro^r*- bif6igli[»JE5^*(D-^- b^MT^ 

[mil] *l§0Jco||^6©?i^^|2{'*5v^•c. huv^ 

MOS FETCi^fl:irKTDDB4#tt®<5^- h^^VT;^«Sc 

[iai2] *«BJ(D*J6(73J[^SI2(C*3V^-C, M^:^^ 
MOSFETroS 0%^ISSfeKH#©QBDiS©=3f^>'>°v'^' 

[013] ^^m(Dmmo:>mm 2 (w*3v^-c. i g b t 

[014] *l|0JW|IJteOJgffi2(C*3V^T, 5 0%* 
aScPti*© Qbd flt t h #fe8ilISSI|jil¥(^ dS* 5 C V D |g 

[015] *5S?g©IIJfe©Jl^«|2{'*5V^T. lAVox 

T<Dm^^^i-mx'h^o 

[016] *^5^(0||j|(Dji^ti2t::*3V^T. huy^ 
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[017] *|gPJ(D^Jte(DJi^^2(^i3l/^T, bUi^f- 

MO S f 7 v?^ ^#'14©^- M6^)!i^#ft#t4^ffF 

[018] ;*:^BJ(D^;te^73ff^ffi2^^^QV^-CMOS hy 
i^v?;^^'i|#^4©iF«c||v^;fc^^'V^MOS h^vv?;^ 
^ ©x/M ;^«it*^i-0-c?fc5o 

[019] :^mm(Dmmmm3icidn?}hu>^M 

O S h«it^fflV^7t I G B T ^^1-B^ffi0^-fe5o 
10 [020] *|g0J(O^J(£(D?f^^3li*5(t5 h^^^M 

0 S hSigSrffiv^^MO S F E T Sr^1-SlfB0-e*) 
[02 1] :$:^0Jro||JSrof^^3('ioit5¥ffiMOS 
[02 2] *|g0J(D*J|(O?g«g3tC*3lt5 S^y^W 

0-Cfe5o 

[02 3] tie*©hu:^^MOsy-h«3tSrffli/^^ 

1 GBT^7jki-mmmx'h?)o 

20 [^?F-^®|j^0J] 

1 N®{S«SS. 2 NMS«St£t!tl. 3 PSS 

mmmm. 4 pM'<-;^i, 5 ^is^ci^, e n 

^ M^^s/^StticS, 7 cvDii^liR 8 h^y 

f-. 9 fiaKfbl^ (S i O2 ) . 10 CVDiE^lilii 

(s i 02 ) . 1 1 hmnwifs]-. 11a h 
ttffiWlsfrogffi:!!. 1 2 PSK«Ste»Ji, 1 3 c 

VDgSfbH. 14 b;<f7;^, 15 CVDgS 

{"dSi. 16 •>y-9--rK. 17 ^^!JT>i5'/'>. 18 

r)v%. 19 J?v^il{lsiR, 2 0 ^^:^^J;!JSlv^p 

30 2 1 S i 3 N4 2 2 S i 3 N4 ^(D^WL 

R 23 CVD^^bJf, 3 0 nMiSjftSS, 3 1 
n®t£«l. 3 2 nSffiSSteticg. 3 3 pSffiiC 

3 4 nSi««^i£tjcfl, 3 5 p Mi«)i%«2:tiC 
a, 3 6 



[02] 



[06] 



[018] 
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[1^9] 
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X ( = Vc-V, h/Tox) (X10»V/cm) 





I»m0] l¥l 1^ 1 7 0 (1 9 9 9. 1 1. 

1 7) 

[#MSIE 1 ] 



[#igg*ijE2] 

miEff^m 
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ilEfii^itm: 9 ±« (C C V D^tC i 9 C V DiE-fkll^^ 
[WiEm^Ig^] 0 00 6 

[0 0 0 6] ^MW^m.h\Z.Wtnhi[l1t±.y>± 

i,2mm&.±(Dmmi:ist£mmmm^m^. cvd 

Sg{bl!g(DH:^Srgilitfe8!)Bl^f*:©IKJ¥ro 2 0 %Ji^±^:-t- 
^li®?^li)l^-^tjt©T'feS„ t/c. miffeWi, S i 

3 N4 mi:ttsh<Dxh^o mm^mm^■i. s 

i3 N4 lgS(^«li^ig^t:Lys:isYt:BI*^tft>®T*>5o 

miEM^ms^] 000 7 

[0 0 0 7]*^. *ISI^{^fili35¥^3!Cfrg1I©5Slii* 

fig-f-sxet. i*i®?ftJ^j;"9±Ji(ccvD?fet^J;9CV 
?r^tfSSy-hife^)KSrJi^^-t-5XSt. h 

fiic^, N2 O, NHa , NO^^{-X6mti:n\^\ B 

NH3 . No^^Kx^mi\^^n^\ mmim/^mf^ 



cvD^-fiiSi^r^^^, s i3 N4 m^Mf^-r^nn^ 

^ti-i,(DXh6. ^^K. S 13 N4 m^rff^m, 

S i3 N4 IgSffi^^^btfc^ikJjl^BsJcl-^Xg. S 

*) V ^Vf-|*lg|5*«*jitjXa^^A/-eli5t1-5 =t 5 

H3 , No^^\:Lj:zmi\:^m\ mmim/^m»m 

fc. CVDmitm^fM'^. N2 O. NH3 . NO;^^; 

:^'5^rtaJt:«ftiiA.-CV^5«-i|s|-/cvDil'ft:IBi#ffit^^ 

ig^ffi^f^-iirsxgsr-^tftro-cfeSo t.it. mmm 
^fc\icY-Dmim%:r^^'^. s is n4 K^ji^^fei-s 

Xfi^^ij>t(DT-fc5o Sfet^, S i3 N4 ^SrJi^^rK 

Xg, ^/c{i±IESi3 N4 M^BSrH^liU $?.}-S'J 
ro c VDil^li)K?rJi^fig-t5XS?:^tft ro-C-feSo 

imiEMMmn^] o o i a 

1 0 0 1 8 ] H 1 0 (i, ^n-enn - c h h U 

yf^MO S F E T ( ;^«3gtlia 2 0 iC^i-) iZiS 

-ViEy<-(T^m (Gate Positive) . ^Bn^- hM 
/U7:^m (Gate Negative ) Sr^LTV^So HI 

1 o^'^o^^•c^s^ttl^iiffeigE^i^!^i5<7)3S*««. ^wegs \m 

f-^-yyUDXIi, S 13 N4 MIrS iS««BJ;i9>>'- 

^^^tmhivtc. f£is^ I219^'^QV^T, •y->'7°;wc© 

LTV^S„ *fc. ig 1 0 {-^-f-J; 5 



mjEM^mn^] 0 0 19 

[ 0 0 1 9 ] m 1 1 Rx^m 1 2 ^nmn - c h h 

U>^MO S F E T ( r ;=^«5t(4ia 2 0 {^^1") 
*5 n 5 £l:»ft T D D B ^- h T ;^ fe#'l4S.t>* 
5 0%^^^W^nQm (Charge-to-Breakdown ) W.<D 

ffiWroCumulative Failure limaScl$^> mmitV- 

HE/MT;^Bt (Gate Positive) . .^'mt^'- h^^< 
-fT^Bf (Gate Negative) ^^LTV^?., -Sfc. Hi 



^^■'v'^SIlT-foSo HI lit). ^ie*^jro-!^y7°/uA 
-!^vy/^cs.tJ?f-:^7°7^D-e^i, ^~hmmm(Dmmfi 
y/uA J; 0 Qbd m<D^^^<'y^mmi^wm^4-^\^^ t 
i^mm^E 7 ] 

[ffiE»*3Sg^] HI 0 
[HI 0] 



3 Fasitive Bias 
□ Sate NegatlTB Bias 




(c) Sample C 



BreakdoDD 
Field 
Histograi 



s 

a 60 
S 50 
S 40 
• 30 

£ 20 



Egs (xl06v/ci)®S-D;Short 
(b) Sample B 



- BreakdovD 






- Field 






- Histogram 








■ 




12 3 4 


6 


7 8 g 10 



ESS (xl06v/H)«S-D;Shart 




EGS (xl08v/c«)»S-l);Short 



(5i)int.ci/ mm^ 

H 0 1 L 21/336 



H 0 1 L 29/78 



3 0 1 G 

3 0 1V 

6 5 3 A 

6 5 8 F 
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F^-is(##) 5F032 AA36 AA37 AA45 AA46 AA48 
AA54 BB04 CA17 CA24 DA02 
DA03 DA53 DA58 DA74 
5F040 DA19 DCOl EB14 
5F058 BAOl BA09 BD02 BD04 BDIO 
BF02 BF04 BF29 BF30 BF62 
BH03 BJOl BJ07 BJIO 



